The synthesis of ?ram-1.2-cyclohexanedioxydiacetamides starting with frarcs-1.2-cyclohexanediol is described. Eleven of these compounds are characterized by IR. 'H NMR, 13 C NMR and mass spectroscopy as well as elemental analyses. Most of these compounds are suitable ionophors for the cations K + and Ca 2+ . The coordination sites of these ligands in the 1:2 complexes were determined by IR and NMR spectroscopy. diacetamides and their ability to coordinate and Ca 2+ cations.
Introduction
The complexation of various metal cations by cyclic or open chain ionophors has a wide application [1 -13] . Recently we reported preliminary results on the complexation studies of frans-cyclohexanedioxydiacetic acid morpholinoamide [14] with K + cations. In this paper we describe the preparation and characterization of further rra«5-1.2-cyclohexanedioxypared by the following route:
Synthesis of the rra/is-1.2-Cyclohexanedioxydiacetamides
rrans-Cyclohexanedioxydiacetamides can be pre- The reaction of rrans-1.2-cyclohexanediol with ethyldiazoacetate in dry methylene chloride yields the diester 1 in good yield. Hydrolysis of 1 in potassium hydroxide leads to the diacid 2. Treatment of 2 with thionyl chloride, followed by a condensation reaction with the amine HNRR' affords the desired diamide 3.
Spectroscopic Characterization of Compounds 3 a-k
'H NMR spectra: In the 'H NMR spectra of compounds 3a-k (see Table I ) the protons of the cyclohexane ring appear as multiplets in the range of d
1.2-3.7 ppm. Due to the chiral environment at the Table I . IR and 'H NMR data for the cyclohexanedioxydiacetamides 3a-k. cyclohexane ring the two protons of the OCH 2 -groups are diastereotopic. However, only 3e and 3j show the expected AB pattern at room temperature. The other derivatives give only singlet signals because of a rapid ring inversion. A similar situation can be observed for the ethyl substituents at the amide functions of compound 3f: The appearance of two different sets of ethyl signals indicates two differently shielded "sidearms" on the cyclohexane ring because the 13 C NMR spectrum exhibits two different sets of carbon signals (see Table II ).
13 C NMR spectra: The
13
C NMR signals of compounds 3a-k can be assigned by their chemical shift and the multiplicity of the signals in the 'H coupled spectra (see Table II ). Due to rapid ring inversion the magnetically differently shielded carbon atoms in the two side arms give equilibrated signals. However, in the spectra of 3f and 3i the amide substituents afford different sets of signals due to the diastereotopic character that arises from hindered rotation about the C(0)-N bond (see [15] ). As an example the 13 C NMR spectrum of 3f is shown in Fig. 1 .
IR-spectra:
The IR spectra of compounds 3 a-k show a characteristic v(CO) band between 1630 and 1690 cm"
1 . These comparatively low frequencies in-
dicate a considerable contribution of the resonance formula B that is also responsible for the magnitude of the energy barrier of the rotation around the C-N bond. Indeed, compounds 3f and 3i exhibit the lowest v(CO) bands (1630 cm" 1 ) and show different signals for the substituents on the nitrogens due to their diastereotopic character. The monosubstituted diamide compounds 3 present a v(NH) band around 3300 cm -1 .
Complexation Studies and Discussion of the Results
The frans-1.2-cyclohexanedioxydiacetamides of type 3, with the exception of 3e and 3j, undergo interactions with K^ and Ca 2+ cations in solution to form preferably 2:1 complexes. Upon complexation the 'H NMR spectra of the original compounds change considerably: In all cases only one species can be observed in the NMR spectra because of rapid exchange of the cation between the ionophors. Depending on the ratio [ionophor]/[cation] the OCH 2 -signals are shifted to lower fieid and the multiplicity of the diagnostic signal changes from a singlet to an AB pattern (see Table III ).
The decrease of electron density at the OCH 2 groups indicates complexation. The appearance of an AB pattern at room temperature also results from the diastereotopic nature of the -OCH 2 protons arising upon complexation, as the cyclohexane ring is probably locked in an equatorial conformation.
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As a consequence, the energy barrier for the ring inversion increases considerably, and the diastereotopic protons of the OCH 2 groups can be observed in the NMR time scale.
The complexation of K^ and Ca 2+ cations by these chelating ligands can also be confirmed by 13 C NMR spectroscopy. The three carbon atoms that are directly bonded to the two oxygen atoms of a side chain are shifted to lower field (Ad~3 ppm) while the signals of all the other carbon atoms remain nearly unshifted. It is obvious that together with the OCH 2 group also the carbonyl functions act as coordination sites in these ionophors. This interpretation is supported by IR spectroscopy: Upon complexation the v(CO) band is shifted to lower energy (Av~30 cm -1 ).
Experimental
All operations were performed with freshly purified and distilled solvents. The inorganic salts CaCl 2 , Ca(N0 3 ) 2 -4H 2 0 and KSCN were of reagent grade.
The NMR spectra were recorded with a multi nuclei FT NMR instrument Jeol FX 90 Q, the IR spec- tra with the spectrophotometer Perkin-Elmer 180. the mass spectra with a Varian MAT CH7 instrument, and the elemental analyses were obtained on a Perkin-Elmer Model 240 elemental analyzer. For the complexation studies ca. 20-50 mg of the corresponding rram-1.2-cyclohexanedioxydiacetamide were dissolved in 0.4 ml of the deuterated solvent in a 5 mm tube. The salts were added as solids in exactly weighed portions to maintain a constant concentration of the ionophor. 'H and
13
C NMR spectra were recorded from one and the same sample.
Diethyl-trans-1.2-cyclohexanedioxydiacetate (1)
0.8 ml of boron trifluoride diethyletherate in 10 ml of dry diethylether was added dropwise to an ice cooled solution of 22.8 g (0.2 mol) ethyl diazoacetate and 11.6 g (0.1 mol) of frans-1.2-cyclohexanediol under nitrogen at room temperature. After the addition stirring was continued at room temperature for 1 h and then the solution was refluxed for another hour. Then the solvent was removed in vacuo to yield the desired diester 1 as a liquid in 60% yield. IR (neat) 1740 cm 
trans-l.2-Cyclohexanedioxydiacetamides (3)
General procedure: 11.6 g (0.05 mol) of the diacid 2 was dissolved in 23.6 g (0.2 mol) of thionyl chloride. The mixture was refluxed for 3 h, the excess thionylchloride was distilled off, and 10 ml of dry benzene were added. Then the solvent was removed in vacuo. The remaining acid chloride could be used without further purification.
A solution of 2.68 g (0.01 mol) of this diacid chloride in 5 ml of dichloromethane was added to 0.04 mols of the amine solution in 30 ml of methy- lene chloride at 20 °C. The solution was refluxed for 1 h and then it was poured over a mixture of 20 ml water and ice. The organic part of the mixture was separated and then washed with water several times. Then it was dried over magnesium sulfate. Removal of the solvent afforded the crude product that was purified by column chromatography.
Yields, melting points, mass spectroscopical and analysis data are given in Table V . IR and NMR data in Tables I and II. We want to thank the Stiftung Volkswagenwerk and the Conselho Nacional de Desenvolvimento Cientifico (CNPg) for financial support.
